Patient misunderstandings of healthcare-related instructions result in significant health, social and economic consequences. Pushing the boundaries of traditional academic methods may offer strategies that promote new ways to improve communication and understanding between healthcare providers, caregivers and patients. Comics can be an educational tool, offering an innovative strategy to communicate health-related information. Our study objective was to compare parents' understanding of health-related instructions (i.e. prescription labels, medical instructions and emergency situation scenarios) that were presented using two different formats-sequential pictorial instructions (SPIs) versus written text instructions (WRIs).
Introduction
Improving health communication, such as medicine dosage and instruction, treatment and procedure information, consents, questionnaire and any other written material given to patients, has been of interest to health providers, stakeholders and policy makers for many years [1] [2] [3] . Patient misunderstanding of healthcare-related instructions can have immense social, economic and health implications. The main sources of the misunderstandings involve the inability of patients/caregivers to understand the information provided to them and the failure of the healthcare system to deliver information that can be easily understood. Health literacy, health outcomes and health expenditures are intertwined in this problem and present challenges that are not easily overcome [4] [5] [6] .
Strategies to improve health literacy in patients and the general public can be problematic, requiring considerably more time and resources than would be needed to improve the clarity of information provided by the healthcare system. Digital technology, which gives society unlimited access to multimedia resources, provides us timely, effective solutions to this problem. Patients now have access to information presented in myriad forms, including printed matter as well as web-based multimedia formats, such as images, sound, video and written material. Converting printed materials directly into a digital, written format will not be successful at transmitting information. Thus, a more innovative, multimedia approach is necessary.
Medical professionals can learn from the welldefined lessons of media specialists, who can communicate clearly to individuals with literacy issues using nontraditional formats. Use of comic format has received little attention from health scholars, even though the format is considered rooted in the principles of medical narrative [7] . Comics are considered a legitimate form of literature and can expand to audiences beyond children, regardless of education, medical or political background [8, 9] . The advantage of using comics to relay medical information is that they provide information from health experts to patients in a very simple, clear, graphic format. They should be considered as an education tool and not just a simplistic or frivolous way to entertain children [10] . Recently, the use of comics has been studied for medical communication [11, 12] fueled by doctors, nurses, patients, educators and illustrators [7, 8, 13] . Dr Ian Williams founded the website GraphMedicine.org, which embraces the use of comics to tell stories related to health [7] and encourages research on visual narratives that challenge the conventional boundaries of traditional academic disciplines. This research may develop strategies that promote new ways for health professionals to communicate more clearly with their patients. However, the use of sequential images in communication is not new. In fact, sequences of images have been historically used in a variety of media; they have been used in comic books/comic strips, cave paintings, tapestries, stained windows and marble carvings. Indeed, the largest sequential story in picture form is Michelangelo's painting covering the ceiling of the Sistine Chapel [14] . These different forms are all considered 'sequential art', mainly because they both tell a story by presenting carefully chosen moments in a sequence of panels or frames.
The use of comics in prescription labels or medical instructions has not been previously studied; although, their structure represents a potentially useful format to present and simplify the instructions given to patients. Taking medicines can be complicated for patients/caregivers because it requires being able to prepare and administer the dose as well as understand other factors related to the medication, such as adverse reactions and side effects [15] [16] [17] .
Going forward, patients will have to assume more responsibility for controlling their medications, which results in many challenges for both patients and caregivers [18] . Failing to understand how to properly take a medication as prescribed places patients at a potential risk for increased adverse effects [19] [20] [21] . Correctly understanding prescription labels requires being able to manage the medication to take, its dosage, frequency and recognizing possible side effects. This information is often complex and requires patients/caregivers to process and understand health information as well as possess adequate numeracy-related skills [22] . Numeracy skills involve the ability to understand basic calculations (addition, subtraction, multiplication and division), time-and date-related information, fractions, proportions and using measurement tools [23] . Numeracy-related skills have been recently considered as important as literacy skills to understand medical instructions because they involve the need to make sense of time, numbers, patterns and shapes [24] .
Pictorial descriptions (pictograms) have been studied as a way to improve prescription label understanding. However, results regarding their benefit have been inconsistent [25] [26] [27] [28] [29] . We have built upon this approach by presenting the instructions in a sequential format with pictograms, based on elements of a 'graphic narrative' and similar to those used in a comic, in which the 'story' is 'told' using a composition of panels [30] . This strategy is supported by taking advantage of the fact that, over time, our brains have become accustomed to understanding media sequence and structure (e.g. reading a text from left to right and from top to bottom without any provided instructions or interpreting a happy face by looking the drawing of a circle and few dots and lines). This format (i.e. following a linear typographical sequence) has evolved since Guttenberg developed the modern printing press half a Improving parental understanding of health-related instructions millennium ago [31] .The idea to compose them into instructions presented into a sequential format with pictograms rather than a single pictogram has not been previously studied to our knowledge.
Aim of the study
This study investigated the use of sequential pictorial instructions (SPIs) to present prescription labels, medical instructions and emergency situation scenarios. We compared the understanding and recall of health instructions by parents of pediatric patients when the information was presented using two different formats, specifically SPIs versus written text instructions (WRIs).
Ethics approval
This study was approved by the Texas Tech University Health Sciences Center El Paso Institutional IRB.
Methods
This cross-sectional study included 359 pediatric patient parents, aged 18-82 years old, who participated in an assessment comparing SPIs (n ¼ 195, 54.3%) and WRIs (n ¼ 164, 45.7%). Participants were parents/caretakers of children who were receiving nonemergency outpatient medical care at seven university-based pediatric clinics in a large metropolitan city. In our previous studies, we have shown the population attending these clinics has communication disparities in language, education and literacy [32, 33] .
Measures
Questions were selected from a pool of medical instructions, based on the most frequently used instructions for outpatients over a year. Two sets of instructions (SPI and WRI) were prepared for each scenario and printed on cards (11-by 4.5-inches long) corresponding to each one of the questions. The WRI only contained written instructions; however, the SPI included both written instructions and sequential pictorial images. A demographic questionnaire (including year of birth, gender, educational level, etc.) with 14 multiple-choice questions (5 options for each question) was used. Each question and its multiple-choice responses were presented on a card (11-by 4.5-inches long), with one question per card. Figure 1 shows the flowchart used collect the responses to the questions from participants. We first had 25 parents review the questions in our pilot questionnaire for clarity and acceptability, 
Procedure

SPIs design
In a comic, the frames or panels are arranged in a sequential order layout and include the images, verbal messages embedded in a balloon, sound effects or onomatopoeias and/or hanging text (i.e. caption text). Each frame represents a specific action. The first panel presents the context where the action takes place and the setup, with an image that depicts a patient or proxy who is either providing or receiving a medicine, a container, and/or any tools needed to administer the medicine (Fig. 2) . The next panels are presented in a horizontal direction to continue the narrative, showing an action that might occur immediately or over time. Specific immediate or delayed actions to follow are presented in the panels (e.g. every 8 hours or three times a day). Panels can also incorporate kinematic movements or gestures, such as representing movement with a few lines added to an image (e.g. shaking a medicine before taking it, where to put pressure in an inhaler prior to a puff, chewing a medicine instead of swallowing) or adding gestures to the characters with an emphasis on possible effects (e.g. sour). Specific symbolic-oriented icons can improve the clarity of the instructions (e.g. an icon representing morning Improving parental understanding of health-related instructions or afternoon). The frames include 'gutters' or empty spaces between the frames, which the reader navigates to weave disjointed visual sequences into coherent narratives [34] .
Prescription labels, medical instructions and emergency situation scenarios were depicted using a sequence of related images, combined with structured written instructions, and presented in a set of 2-5 frames or panels, based on each part of the instruction (Fig. 2) . Each frame contained both the written instruction and a representative image of the instruction.
Respondents were assigned in a sequential 1: 1 order to either the WRI or SPI group (see Fig. 1 ). They received one card at a time with healthrelated instructions for one of the following: prescription labels (9), medical instructions (3) or the response to a medical emergency (2) . Respondents reviewed one health-related card at the time, and when ready (a minute or less), the card was returned to the researcher, who provided the question card with five possible responses. The respondent wrote the selected response on the questionnaire sheet and then received the next health-related card and corresponding question card until completing all 14 health-related questions. The number of correct responses was scored for all the questions and also separately for each subsection (i.e. prescription labels, medical instructions and emergency situations).
Statistical methods
Frequencies and percentages were determined for categorical variables, and means and standard deviations (SDs) were calculated for continuous variables. Total scores for the WRI and SPI groups were calculated for the entire questionnaire and for each subsection based on the number of correct responses. Score totals were analyzed for normal distribution and symmetry using t-tests. Statistical analyses were performed using IBM SPSS Statistics v20.
Results
Participant demographics are shown in Table I . The majority of participants were women (n ¼ 313, 87.2%), likely because it is mostly mothers who take their children into these clinics. There were more respondents who spoke Spanish (65.7%) than those who spoke English (34.3%) because the population attending this clinic is predominantly Mexican-American. The levels of education for participants were as follows: middle school (8.6%), high school (70.2%) and college (21.2%). The low levels of literacy for this population have been 
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reported in previous studies that used pictorials to improve understanding of screening tools [35] . Of note, the city in which the study took place is known to have a population with low levels of literacy. No significant differences were found between the educational groups when stratified by language. The total scores for the complete 14-question form, separated by language, are presented in Table II . With both languages, the total scores and subgroup scores were higher for the SPI group than for the WRI group. Significant differences were found between the total scores for both groups as well as in the following subgroups in the SPI group: prescription instructions and emergency. The correct number of responses were converted to percentages and are shown in Table III , with 95% confidence intervals of the differences by language and WRI or SPI. Significant differences were found in the understanding of the instructions using SPIs when compared with the WRI. Statistical differences were found between the understanding of the instructions in the SPI group compared with the WRI group; moreover, for English-speaking participants, the confidence intervals indicated that this improvement varied from 1.9% to 10.02% for the Total mean scores and 5% to 20.2% for the Emergency questions. For the Spanish-speaking participants, the confidence intervals indicated that understanding improved, using the SPIs, from 4.3% to 10.8% for the Total mean scores and from 4.4% to 17.2% for the Emergency questions.
Discussion
In this study, we compared the understanding and recall of health-related instructions by parents and caretakers of pediatric patients between those receiving SPIs or those receiving WRIs. The statistical differences found suggest that the group that was provided with the SPIs over-performed the group with written instructions. It is important to consider that, regarding clinical significance, there are some limitations to this study because the measured outcomes represent theoretical results, not applied or practical ones. That is, parents did not directly measure or administer medications to children. Moreover, the outcomes measured here required a short-term recall of information and did not require the caretaker to administer the prescribed medication correctly over time. In addition, allocation for participation was sequential rather than random. The sample of parents mean age was 38 years, with the oldest participant being 82 years old. The risk of misunderstanding health instructions can increase in older individuals [16] ; thus, it is possible that this more youthful cohort imparts a reduced risk. However, this cohort of parents faced other disparities, including low literacy, lack of Improving parental understanding of health-related instructions language proficiency and lower levels of education [36] [37] [38] [39] [40] . The English-and Spanish-speaking groups did not have the same number of participants. Despite these limitations, our results indicate that SPIs were more easily understood than WPIs, particularly in populations of parents confronting disparities, as represented in our study. Percentage differences were higher in the Spanish-speaking respondents; although, in the English-speaking respondents, the differences were higher in the emergency responses subgroup.
Comparing the increased percentage of respondents that understood the SPI versus the WRI (Table III) emphasized the clinical significance of our results. Many of the instructions presented to the participants are common in pediatric clinics, and a large percentage of these instruction were misunderstood in both English-speaking and Spanish-speaking respondents. These results are particularly relevant given that parents need to understand what to do when there is an emergency situation and need to be aware of potential side effects of a medicine. Thus, it is important to explore any strategies that reduce the possibility of errors.
Several strategies have been proposed to reduce errors and promote safe use of prescribed medications, including systematic initiatives to standardize medication instruction and warning labels [41] and providing multilingual instructions [42] . Pictograms, such as those developed by United States Pharmacopeia (USP) Convention, and other strategies (e.g. color-specific symbols and graphics) have been widely used to help patients to understand medical instructions, with both positive [25, [43] [44] [45] and negative results [15, 26, 46] .
Comics are formatted as juxtaposed pictorial images arranged in a deliberate sequence that is clear and aesthetically pleasing. They are considered one of the most promising communication tools of our time [47] . Visual images used in any form of communication are processed by the brain approximately 60 000 times faster than text; additionally, 40% of people respond better to visual information than to plain text, and visual content boosts engagement [48] . Pictorial descriptions explain simple to complex processes with one or more drawings, which can help overcome health literacy and numeracy deficiencies among patients and caretakers [49] [50] [51] and improve understanding of questionnaires, scales and screening tools [52] [53] [54] . Emerging research has shown promising results for the use of comics to explain complex medical subjects, such as explaining virus and vaccines to the general population [55, 56] and teaching anatomy to premedical and medical students [57] . The results indicate that those reading the comics had a deeper subject comprehension [56, 58] . There is a need to develop strategies that can help patients overcome numeracy deficiencies and increase the recall and understanding of complex instructions (e.g. percentages and probabilities). Using SPIs may also facilitate understanding of numeric information in other areas, such M. Leiner et al.
as medical procedures and informed consent, which often involve understanding basic probability [59] [60] [61] [62] [63] [64] . Producing comics is not new in healthcare, but this strategy has gained importance in the last few years, and its possibilities as an educational tool are mentioned and supported by health providers [10, 11, 65] . We further propose that comics can be used to simplify more complicated constructs, including medical instructions. The potential to develop standardized comics to explain medical instructions, side effects or written informed consents should be considered because this multimodal format to can help explain and simplify procedures that are otherwise hard to understand, particularly among those confronting communication barriers. Our proposal builds on previous results using pictograms and comics to deliver information that can help overcome literacy disparities [35] . Our preliminary results assessing the effect of using SPIs for healthcare-related instructions suggests that there are many possibilities for creating more patientfriendly instructions. These include dividing instructions into parts, presenting actions in frames and the use of multimodal text to support visual instructions (e.g. hanging text, onomatopoeias, sound effects and balloons) [66] .
The adult population included in this study confronts language and education barriers that are known to increase the risk for medication errors [67] . Misunderstanding instructions can put their children at risk for adverse outcomes [68] . Successful, complete understanding of prescription labels, medical instructions and medicine-related emergencies require that the information is delivered clearly and that patients/caregivers understand the instructions. Although several strategies have been tried to improve literacy in this regard, including easy-to-read materials, visual aids and one-on-one support [22] , it is necessary to explore any medium, even those that are nontraditional, that can provide superior communication to patients/caregivers.
